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2344606 

WEIXBORE CASING 
Cross Reference To Belated Applications 

This Application claims the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to weDbore casings, and in particular to 
weUbore casings that are formed using expandable tubing. 

Conventionally, when a weHbare is created, a number of casings are 
5 ins t alled in the borehole to prevent collapse of the borehole wall and to prevent 
undedred outflow of driffing fluid into the fira 

formation into the borehole. The borehole fa drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval fa lowered through a pr^^ 
installed casing of an upper borehole interval. As a consequence of this procedure 

10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diame ters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casingB and the borehole waD to seal the casmgs from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the weUbore. Such a large borehole 
diameter involves increaaed cokta due **> h**vy casing handlin g *q »*rmi«pt t lmy 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time fa involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diame ters 

20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to o v erc om ing one or more of the 
limitatio ns of the existing procedures for forming new sections of casing in a 
weUbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
weUbore casing is provided that mchides install^ 



in the borehole, injecting fluidic material into the borehole, and radially exp anding 
the liner in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existmg casing. A tufcuto 
then placed mto the lie w section o 

an already existing casing. A hardenable fraidic sealing material is injected into 
m annular region between the tabular liner and the new section of the borehole. 
Hie annular region between the tabular finer and the new section 
10 is then fluididy isolated from an interior region of the tubular Knar below the 
mandrel A non hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandrel The tutalarHner is extruded offof 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic Bealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member mdudes^ 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to t he m an dr el The shoe is coupled 
to the tubular liner and inchides a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tabular member is provided that includes a support member, an 
30 expandaMff mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second itatt 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third Quid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
el e men t s. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the eecond tubular 
member, is provided that induiks petitioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member la pressurized and the second^ 
the m a ndr el into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that i nclu des an annular member having one or more sealing members 
15 at an end portion of the amndar member, and one or more pressure relief passages 
at an end portion of the «nnnlpr member. 

According to another aspect of the present invention, a weUbore casing is 
provided that in c ludes a tubular liner and an annular body of a cured fluidic 
sealing material. The tabular liner is formed by the process of extr uding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weUbore casing is provided that includes a tubular liner and an 
annular body of cured fluidic sealing material. The tubular liner is formed tgrthe 
process of extruding the tubular Kner off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drillable. 
The tabular niember is coupled to ^ The shoe is coupled to the tabular 
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member. The ahoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is (billable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. . 

FIG* 2 la a fra gmentar y cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the mjection of a 
Ant quantity of a hardenahle fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is an frfo**' ^n ^m^tsr y anas-sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG, 4 is a fragmentary cross-sectional view illustrating the mjection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross oectionnl view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic aealmg material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between aitfacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG . 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a p r e f erred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a eras-sectional illustration of a wellbare including a pair of 
sifoaoent overlapping casings 

FIG. 10b is a mjB8-eectionfll illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 
5 FIG. 10c is a crosa-eectional illustration of the pumping 
material into the annular region between the tubular member and the existing 
casing 

FIG. IQd is a cross-sectional illustration of the pressurising of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
member off of the mandreL 

FIG. lOfba cross-sectional ffins^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandable tubular member. 

FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. lib is a fragmentar y cros s sectional riew illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner wit^ 
20 of the well borehole. 

FIG, lie is a fragmentary eroen sectional view Illustrating the injection of 
a first quantity of ahardenable flnMic rralmgnnitmal into the new section of the 
well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction 
25 ofa wiper dart into the new section of the well borehole. 

FIG, lie is a fragmentary ctosb sectional view fflnstrating the injection of 
a second quantity of a harriennble flnidin ending material into the new section of 
the well borehole. 

FIG. llf is a fr a gm ent ary cross-sectional view fflnstrating the completion 
30 of the tubular liner. 



Detailed Description of the IDustrmtive Embodiments 
An apparatus and method for forming a weHbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. He apparatus and method further permits adjacent tabular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by expandin g the new 
tubular member into en gag ement with the y™** w ff tubular member. The 
apparatus and method farther ^mimi«Hi the reduction in the hole size of the 
wel lb ore caring necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-hack liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an «™fcmg tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the 

permit the interior portions to be removed using a conventional dulling apparatus. 
In this manne r, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a 

attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a weUbore casing within a subterranean formation will now be 
described. Aa illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 1 15 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known mannpr to drill out material from the 
subterranean formation 105 to farm a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 asubterraneanformatta 

100. The apparatus 200 prefimhfr includes «"T* 1fwUKI - ~ f nrfirl or pig £05, n 
tubular member 210, a shoe 2^ 

fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodmumt, the expand^ 

disclosed in U JS. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 2 10 is supported by the expandable mandrel 205. The 

26 tubular member 210 is expanded mt^ 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
mimber of conventional crmrm mri n\ty available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 fabricated from OCTG morier The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
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embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide m^tmai telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 Tn ft pirfTH prn WdhMtnt, thtt md portion 260 of the tabular member 210 

is slotted, perforated, or otherwise modified tocatch or sbw down the mandrel 205 
when it completes the extrusion of tubular member 210. In a pr e fe rred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 examp le, Super Seal n float shoe, Super SealHOown-Jet float shoe oraguide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an ahuninum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modifie d in 

20 actordaitrp wifr tea chin g» of *h» p rnaBpt dfaclognre, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide en adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tabular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 indudesoneormoTethitRighand 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 2 15 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a baU sealing member. In this manner, the fluid passage 240 
can be optimally sealed ofTbymtroducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cap seal 220 is coupled to and supported by the support member 
250. The tower cup seal 220 prevents foreign material* firm mtering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cops, or Selective Injection Packer 
(SIP) cups modified in accordance with the tftftrhmgw of the present disclosure. In 
a preferred embodiment^ 
from Halliburton Energy Services m Dallas, 
material and contain a body of lubricant. 
10 The upper am seal 225 is com^ 
250. The upper cup seal 225 prevents 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conve nt i on al commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
am, available from Hallibur^ 

block the entry of foreign materials and contain a body of lubricant 

The fluid passage 230 permits flnidic materials to be transported to and 

from the interior region ftf «» tubular member 210 thft nr p*nMto» T"pn rirri 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member 250 and the expandable mandrel 206. The fluid passage 230 preferahry 

extends ftxnn a position adjacent to the surface to the bottom of the expandable 

mandrel205. The fluid passage 230 is preferably positioned along a centerline o f 

the apparatus 200. 
25 The fluid passage 230 is preferably selected 

operation, to transport materials such as drilling mud or formation fluids at flow 

rates and pressures ranging from 

psi in order to minimize dragon the tubular meinber being run and to minimize 
surge pressures exerted on the wellbore which coiild cause a loss of we 
30 and lead to hole collapse. 

Thefluid passage 235 pennite 
passage230. In this inanner, during plaament of ^ 



new section 130 of the wellbore 100, flaidk materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressing The fluid passage 

235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressing activated in order to controllably minimis The 
fluid passage 235 is preferably positioned substantially orthogonal to the centeline 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimi™ surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidkly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular mem 

to be pressurized. The fluid passsge 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or eposes at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

Hie seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 245 are farther position^ 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicty sealed. The seals 245 may comprise 
any number of conventional commercial^ available seals such as, for example, 
10 kad, robber, Teflon, or epo^ 

the present disclosure. In a preferred rnnhodimpnt, the seals 245 are molded from 
Stratalockepoiy available frtm Halliburton Ene^ 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250 is coupled to the ex 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an armnlar member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support member 250 farther includes one or more conventional 
25 centralizers (not illustrated) to help stabiHxe the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. Inthfrmmmgt* the extrusion ~f th? tubular member 210 off 
ofthe expandable mandrel 205 is fecilitai^ The lubricant 275 may comprise any 
30 number of conventional commercial^ available tabricanta such as, for example, 
Lubriplstft, rhlrrrine based lubricants, ofl basedlubricantsor Climax 1500 Antiaieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facuiate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to a ssembly to thfl remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimised. This 
minimi?** thf» possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weHbore 100, a couple of wellbore volumes are 
circulated in order to ensure thai no foreign materials are located within the 
wellbore 100 that might dog up the various flow passages and valves of the 
ppparnlofl 200 and to gnmurthnt fa^g" ™«fa»rifll interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 236 is then closed and a hardenable 

fiiiidk sealhig material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubuto and the interior wall of the 

new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, frem about 0 to « 

1,500 gallona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fhndic material being 
p umped The optimnm flow rate and operating pressure are preferably determined 
30 using conventional empirical methods. 

The hardenable flxridic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, rf*w»w* or epoxy. In a preferr ed embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in carrier to 
5 wbila also maintaining optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in t he a nnu la r region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods 

The annular region 315 preferably is filled with the material 305 in 
10 sufficient quantities to ensu^ 

210, t he a nnu la r region 815 of the new section 130 of the wellbore 100 will be filled 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region adjacent to the mandrel 205 m order optimally permit placement of the 
apparatus 200 in positions hi tto rXtrthennore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 3 15 has been adequately 
20 lulled with material 305, a ptag 405, 

fluid passage 240 thereby fluidicly isolating the interior region 310 from the 
annulaxregioa315. In a preferred embodiment, a non-hardenablefhiidk material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In t his manne r, the interior of the expanded tubular member 2 10 will 
25 not contain significant amounts of cured material 305 This rechices and simplifies 
the cost ofthe entire process, Alternative^, the material 
this phase of the process. 

Once the interior region 310 becomes sufficiently pre»«nrf«wi j a« ^KhW 
member 210 is extruded off ofthe expandable mandrel 205. During the extrusion 
30 process, the expandab le mandrel 205 may be raised oat rfthi> expanded r*?rtkm i?f 
the tubular member 210. Id a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximatery the same m 
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member 210 is -Tq^y*** in order to keep the tabular member 210 stationary 
relative to the new weUbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tabular member 210 posi 
the bottom of the new weUbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new weUbore section 130 under the force of gravity. 

The plug 405 is preferably placed mto the fluU 
the plug 406 into the fluid passage 230 at a surface location in a conventional 
manner . The phig 405 preferably acta to fluididy isolate the hardenable fluidic 
10 sealing material 305 from the non hardenahle fluidic material 306. 

The jdug 405 may comprise any number of conventional c ommer cially 
available devices fit>m pi 

Cementer (MSQ latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teach^ In 

15 a preferred embodiment, tte 

from Halliburton Energy Services in Dallas, TXL 

After placement of the prog 405 in the fluid passage 240. a non hardenable 
fluidic material 306 is preferably pumped mto the mtexior region 310 at pres^ 
and flow rates ranging, fvr ^mpte, from approximately 400 to 10,000 psi and 30 

20 to 4,000 gallona/min. In this manner, the amount of h a r d enab le fluidic sealing 
material within the interior 310 of the tubular member 210 is minimized. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the noD hardenable ™»tgrial 306 ia preferably pumped into the interior region 310 
at pressures and flow rates ranging from approrimately500to9,000psiand40to 

25 3,000 gallonVmin in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimis e 
tensile, burst, and friction effects upon the tabular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tabular member 210 and 

30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tabular member 210, the type of hiln4cant,andtheyieU8tren^ 
of the tubular member 210. In general, the thicker the wall thkfaiess, the smaller 
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the inner diameter, and the greater the yield stxei^ofttc tubular member 210, 
then the greater the operating pressures reqm 
210 off of the mandrel 205. 

For typical tabular members 210 t the extrusion of the tubular member 210 
5 off of the expandable mandndwffl begin whan the pressure ofthe interior region 
310 readies, for example, approximate^ 500 to 9,000 peL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from aboutOtoSfl/sea Inaprefimrt embodiment, d 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging from about 0 to 2 fi/« in order to minimise 
the time required fig the pnpanninn process while also permitting easy control of 
the expansion process. 

Whan the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 205, the outer surface 265 of the aid portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casingllS to formm The contact 

pressure of the overlapping joint may range, for example, from approximately SO 
to 20,000 paL In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approxi^ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motkm to acc om mod ate typical tensile and compressive loads. 

Theoverlappingjointbetweenthesection410of^ 
the section 265 of the expanded tubular member 2 10 preferab^ 
25 andfluidicseaL In a particularly preferred ernhnriimmi^ ~»v™ z ^ n$ 
optimally provide a fluidic and gaeeowaed in the overlapping joint 

In a preferred embodiment, the operating 
har dm a M e flnidir m a t e ri al 306 is controDablv ramped down when ~p«™ifKt» 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the con^ 

tubular member 210 off of the expandable mandrel 205 can be minimised. Ina 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

6 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mtrtdrel catching structure is provided 

10 in the end portion 260 of the tabular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is *v»mpl»fr«* J the expandable mandrel 205 is 
removed from the wellbore 100. In a pr efer red embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 

20 2 10 is then removed in a conventional manner such as, for exa mple , circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandr el 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

Aa illustrated in Fig. 5, preferably any rams ming cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tabular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 216 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Fig. 6, the upper portion 2 60 
of the tabular member 210 indndea one or more sealing members 605 and one or 
more pressure relief holes 610. In tilts manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 a equahxeddnrmg the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210, In an alternative preferred embodiment; the sealing 
10 membera 605 are bondedor molded onto 

260 of the tabular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tabular member 210. The pressure relief 
holes reduce the operating pressures readied to expand tile upper portk>n 260 of 
the tubular member 210, This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity fa *«™ mmimi^ the mechanical shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a wellbare preferably includes an 
20 expandab le mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float 

a fluid passage 736, a fluid passage 740, asuj^menn^ 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 ia coupled to and supported by the support 

member 746. The expandable mandrel 706 is further coupled to the expandable 
mandrel container 710, The expandable mandrel 705 is preferably adapted to 
controllahry expand in a radial direction* The expandable mandrel 705 may 
comprise any number of conventional comineraal^ 

30 modified inaccordance with 

embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in UJ3. Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

lie expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength stee l s In a pr eferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tabular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and endingwith the region in llm vicinity cf the inand^rel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 71 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliate the initiation of t^ 
10 700 to be positioned in locations in the 

The outer diameter and wall thickness of the upper section 806 of the 
tabular member 715 inay 
to 2 inches, respectively. In a preferred embodim 

thickness of the upper section 805 of the tubular member 715 range from about3.5 

15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall thickness of the intermedin te section 810 of the 
tubular member 716 may range, for example, irom about 2^ to 50 inches and 1/16 
to 1.5 inches , respectively. In a preferred embodiment, the outer diame ter and 
wall t hickne ss of the intermediate section 810 of the tubular member 715 range 

20 from about 3.5 to 19 inches and VB to L25 inches, respectively. 

The outer diameter and wall thicknesB of the lower section 815 of the 
tubular member 715 may range, for example, fi^mal>out2Ji to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the miter di ame ter find 
wall thickness of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
p re fe r r ed embodiment, the wall t hicknes s of the lower section 815 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
driliable materials luch as, for example, aluminum are used. 

The tubular inember 715 prefer In 

30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or stow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 715 is limited to minimize the possibility ofbucklrpg. 
For typical tubular member 715 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830 , and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 83 0 is adapted to receive a latch-down dart, or other similar 
dements, far blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increawmg the strength of the 
shoe 720. In a particularly prefer red embodiment, the body of aoBd material 840 
c om pris es afamrimpn ■ 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubiilar member 715 and an existing 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise sny number of conventional commercially available cup 
seals audi as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified fa flrrrlaiif* ^fffth the fr****™^ *f*h* present HfaMfiaiiT^ In a p re f erred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional cammemally arguable cup aeala Buch as, for example, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
t eachings of the present disclosure. In a preferred embodiment, the upper cup seal 
730 conroriaesaSIPcup available from Halliburton Energy Services m 
in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits fioidic materials to be transported to and 
10 from the interior region of the tabular ntentberm below the eqjsndabJe mandrel 
705. The fluid passage 735 is Qnidicly coupled to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallons'minute 
and 500 to 8,000 pgj in order to provide nuffirient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandrel 705 

As described above with reference to Figs. 1-6, daring placement of the 
apparatus 700 within a new section of a wdlbore, fluidic materials forced up the 
fluid passage 735 can be released into the weUbore above tlie tabular member 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
26 passage that is coupled to and portioned within the support member 260. The 
pressure release passage is farther ftafcjfcdy coupled to the fl^ The 
pressure release passage preferably includes a control valve for controliably 
opening and dosing the fluid passage. In a preferred embodiment, the control 
valve is pressure axtivatedmcroOT The 
30 pressure release passage is preferabtyposnion^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drflliiujinud or epoades at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a weUbore and to mi nimize surge pressures on the new weHbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, ox other *i™fl*r device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fhiidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fhndkty isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized* 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a weUbore with fluidic material*. In a preferred embodiment , the fluid 
passage 740 include* an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 , In a preferred embodiment, the apparatus 700 further includes one or mote 
seals S45 coupled to and supported by the end portion 820 of the tam 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing end the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 



present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TK in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tubular m^ 
715. 

In a preferred embodiment) the seals 845 are selected to provide a sufficient 
frictions! force to support the expended tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expend ed tubular Tr> fmbfT 715. 

The support member 745 is preferably crmpled tn €h* *»p»mfaHf> mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700 into a new section of a weUbore. Ibe support member 745 may 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other hi gh strength tubular modified in 
accordance with the tmrbhigB of the present disclosure. In a preferred 
embo d iment . , the support member 745 coniprisea conve nt ional driU pipe arai^ 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable numdr»l wmtniri^r 71 0 within the interior of 
the tubular member 716. In this manner, the extrusion of the tubular member 715 
offof the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional conunerciatyy available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or GHmax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisieze (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide fabrication to frcOiate the extrusion 

30 process. 

The overshot connection 765 is cmqdsd to the sui^Kn^ number 745 and ^ 
support member 760. The overshot connection 755 preferably permits the support 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Inner-string Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 p re f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a wellbore, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tulmig or other high strength 
modified in accordance with the teachings of the present diflrioflure. In a preferred 

15 embodiment, the support member 760 comprisesaconventkmaldriUpipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimiz e 
buckling of the tubular member 715. The stabilizer 766 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocks modified in accordance with the t eachings 

25 of the present disclosure. In a prefer^ 

a Haling adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the r emainin g portions of the apparatus 
30 700. In this manner, the mtroduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weHbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materi als are located within the wellbore that might dog np the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the e^ 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1*7 to form a new section of casing within 
a wellbore 

10 As illustrated in Fig: 8. iaanatenMttfas|geftnfed ^Kn^nit, thf method 
and apparatus described hereto 

by forming a tubular liner 810 inside of the existing wem Ina 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred 
15 materials can be twed to e^e^ 

the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably 

to optimally provide a fluidic seaL In an alternatn* preferred embodiment, the 
20 tubular liner 810 is fonncdw 

as those used to tamsport hydrocarbon 

tn an overlapping r fil a tionship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to direct Ina 
pi ef fcx rcd embodiment, an outer annular lining of cement is not provided between 
the tubular liner 810 and the wellbore. In the alternative ]aef erred embodiment, 
any number of fluidic materials can be used to expeiid the tubular im^gm^ 

30 intimate contact with the wellbore such as, for ex 
or drilling mud. 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weDbore casing includes an expendible tubular 
mexnber 902, a support member 9(M^ 

908. In a preferred embodiment, the design and construction of the mandrel 906 

5 and shoe 908 permits easy ren^^ 
manner, the assembly 900 can be easfly removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The ejpandfcle tubular 
910, an intennediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular 

908 by pressuring en m The 
tubular member 902 preferably has a substantially annular crosfr-eectian. 

In a particularly preferred embodiment, an expandable tabular member 915 
b coupled to the upper portto^ During 

15 operation of the apparatus 900, the tubular member 915 is prefera^ extruded off 
rrf fVift mftnd w>1 90fi by pressurising the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, tttanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 In aparticularly preferred 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
arjproximately the same yield properties as the to The tubular 

member 915 may comprise a ptarality of tulrato 

In a preferred embodiment, the upper end portion of the tubular member 

30 9 15 includes one or more sealing members for optimally providing a fhxichc and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited tn minimize ^^p^^h'ty flftaicfrflng For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular rnember 902 is preferably coupled to 

the shoe 908 by a threaded mnrrfrtinn 968, The mtermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials audi as, for example, oilfield 
tubnlars, km alloy steels, titanium or stainkassteela In apreferred embodiment, 
the tubular member 

provide approximately t he same mechanical propertiea as the tabular memb er 9 1 5 
In a particular^ preferred enibodimen^ the tubular memhar 009 ha a m plflgtir yield 

15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, mtermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may range, for ^rampl^ from about 1A6 to 1 .5 
inches. In a preferred erabodiinen^ the wall thjofcpgg grf th^rT^r, interme diate, 

20 and lower portions, 910, 912 and 914 of the tubular memb 

1/8 to L25 in order to optinially pmvid* wull tMrWm«Q that yhmit the same bjs 
the tubular member 915. In a prefei ied embouimcnt, the wall thickness of the 
lower portion 914 is less than ox equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outerdiaineter of theupper, mtermediate, arid lower portions, 910. 912 
and 914 of the tabular member 902 may range, for example, from about 1.05 to 48 
inches. In a preierred emhodimm t, the outer diameter of the upper, intermediate, 
end tower portions, 910, 912 and 914 of the tahilariiieiite9O2r8iig0froma^ 
30 3 ft to 19 inches in order to optimally provide the ability to expand the moat 
commonly used oilfield tubular*, 



-27- 



The length of the tubular member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 commeraaBy available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
rompriwpft Oilfield (Vmntry Tubular Goods available from various U.S. steel mills. 
TV tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 presentdiadosura Tnapr«f«redi^hodi^ 

Oilfield Country Tubular Goods available from various U A steel mills. 

The various elements of the tubular me^ 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece- In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for eTampH threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are cou|^ 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 916, 
a fluid p a ssa ge 918, an upper guide 920. and a coupling 922, During operation of 
the apparatus 900, the support member 904 preferably a 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conv ention a l drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

ThefliiMpaBsage918uprefera 
to aiui from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicry coupled to the fta^ In a preferred embodiment, the fluid 

10 passage 918 lamed to convey hardmahle flaldic sealing niateriala to and from the 
apparatus 900. In a particular^ preferred emb^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure dnringpoaffioni^ In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable ftaidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an in?per portion of tte 
904. The upper guide 920 prefer^ 
20 within the tubular member 916. The upper guide 920 m^ comprise any number 
of conventional guide members m odified in accordance wMi th» teachings ftf tt w 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
imierstringadapterav^^ 
to optiniallyguMe the apparatus 900 v^ 
25 The coupling 922 couples the tupp^ The 

coupling 922 rroferahry cm 

The various elements of the support meinber 904 m 
number of conventional processes such as, for example, welding, threaded 
co nnect i o ns or machined from one piece. In a p re f erred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 
The mandrel 906 preferably includes a retains 92M 
expansion cone 928,alow cone retahw 
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934, an extension sleeve 936, a spacer 93 8 , a housing 940 , a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a fabricator 
950, and a fluid passage 952. 

The retainer 924 ia coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
mmtarimUhntf* t>%» fatwiflr t^gton 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

16 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of Lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
n umber of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based hibricants or Oimax 1600 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiseixe 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide 

The expansion cone 928 is coupled to the tovrer cone retainer 930, the body 
of cement 932,the lower guide 934, the extension sleeve 936, the housh^ 
the upper cone retainer 944. In a preferred enibodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial xnovement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantial^ annuls 
S The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a pr e fe rred embodiment, the wall 
thic kne ss of the expansion cone 928 ranges from about 025 to 0,75 inches in order 
to optimally provide adequate compressive gfcrmgfli with minimal ma+^r fa] «jh e 

10 ItiftTTmtim Mud twrnmrrrm QUtgido drawM^p * ftf lha Q]MPSiCBI ftffl "" y rm g ^, 

for example, from about 1 to 47 inches. In a prefen^ embodiment, the maximum 
and minimum outside diameters of the expansion cone 928 range from about 3.5 
to 19in order to optimal^ 

The expansion cone 928 may be fabricated from any number of conventional 
15 commercially available materials such as. for example, ceramic, tool steel, ti tanium 
or low alloy steeL In a preferred embodiment! the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, frt>m about 60 Rockw^ In a preferred embodiment, 

20 the surfece hardness of the outer surfj^ of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. La a preferred «mhndmnmt x the **j**rs*;m ogg fa heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing940. In a preferred embodiment, axial movement of the expAmrinn cone 
928 is prevented 1* the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has s subs tantially annular cross section 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commertiauy available materials such aa, for example, ceramic, tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardnefifi of the outer surface of the 
lower cane retainer 930 may range, for example, from about SO Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 RockweO C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness, 

In a prrffrrrH «*™>wvKm<mt th« \amer cone retainer 930 and the expansion 

10 cone 928 are formed as an integral one-piece element in cmier reduce the number 
of co mp one n ts and increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 930 preferabry mates with the ^ 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906 . 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, al uminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferabry has a substantially annular crossr 
section. 

The lower guide 934 is coupled to the extensfon sleeve 936 and housing 940. 
25 During operation of the apparatus 900, t^ 

the moveinent ci the mandrel 906 within the tubular member 902. The lower 
guide 934 preferabry has a substantially annular crosa-section. 

The lower guide 934 may be fabricated from airy number of conventional 
commercially available m^to^i* guch for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated frt>m low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 ia coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has * substantially nnn T ilp r cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for maniple, oilfield 
tubulars, low alloy steel or stainless steel In a preferred embodiment, the 
10 exten s i o n sl ee ve 936 is fabricated fromlow alky 
highyieM strength. Theootertixrlace^ 

with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this nianner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer AM h»« ■ «nh«faw»H»tly annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 
26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed as an integraloi^ 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation the apparat^ 

motion of the expansion cone 928. Preferably, the bousing 940 has a substantially 
annular cross-section. 
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The ho using 940 may he fabricated from any number of conventional 
commercially available imrt f"* 1 * such as, for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preferred embodiment, *h« Wcr guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to nrinhmite the number of 
components end formase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fcdliate the connection between the 

10 housing 940 and the body of client 932. 

The sealing sleeve 942 is coupled to the support member 904, the bodfr of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942 . 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to fecfliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial n^ 
30 cone 928. Preferably, the upper cone retainer 944 has a subs t a ntially annular 
cross-section. 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment the upper cone retainer 944 
is fabricated from alummumm order too 
6 cone retainer 944. 

In a particularly preferred embodiment* the in^ 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I*haped to provide increased rigidity and miiimuze the 
10 smount of material that wouUhsro to be drilled out 

The fabricator mandrel 946 is coupled to the retainer 
926, the upper cone retainer 944, the rabricator aleeve 948, and the guide 960. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 mter£ai» between them Preferably, the 

lubricator mandrel 946 has a substantially «nn^^ T (ross-eection. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, In a preferred embodiment, the lubricator mandrel 946 is 
20 f a bri ca t ed from aluminum in order to optimally provide driUabflity of the 
lubricator mandrel 946. 

The lubricator aleeve 948 is coupled to the rabricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the hum 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 928. PreferaMy, the lubricator 
sleeve 948 has a fmhstantiRlfr annular cross-section. 

The lubricator aleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator aleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillabflity of the 
lubricator aleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber an? 926 to the lubricator steeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between tto 
5 mandrel 946, hibricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902 . 

The guide 950 is coupled to the hibricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially sn^ 

The guide 950 may be fabricated from any number of conventional 
commercially available *n«»«H«i« audi as, for example, steel, aluminum or cast 
iron. In a pr efe rred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 imd fln~ ™"e™E fcnm ahmit Q to 9 r 000 V s * 0 to 3 -°°° ^om^"** 

to erotunally provio^piegBures andflowiates to displace and circulate fluids d uring 
the installation of the apparatus 900. 

The various elements of them 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a liousing 954 , a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
migm g QEl preferably cnnplea the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and positioning of the tabular member 902. 
Preferably, the housing 954 has a substantially annnlar cross-section. 

The housing 954 may be fabricated from any number of conventional 
co mm ercially available materials such as, for example, gfceel «r aluminum In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide driHabflxtf of the bousing 954. 

in a particularly preferred wgwhndfrpant, the interior nm-far** of ti^* ho using 
954 includes one or more protrusions to facfliate the connection between the body 
of cement 956 and the housing 954. 
10 The body of cement 956 is coupled tn the hfunnhtg flfti, and the tiling ftirrvr 

958* In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement *o be earily drilled out using conventional 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drQlable 
material such as, far example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the boefcr of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 962 into the fluid passage 962 
and then into the outlet jets 964 in order to n\)ect the harfenablefluidic material 
into an annular region external to the tubular member 902. In a preferred 
em hodim Fnt , during operation ofthe apparatus 900, the B eating aleeve 958 farther 

25 indudes an inlet geometry that pennite 

lodged in the inlet ofthe sealing aleeve 9^ In this manner, the fluid passage 962 
may be blocked thereby fluidicfr isolating the interior regkm 966 
member 902* 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cros^section. The sealing sleeve 958 m^ be &bri 

of conventional commercially available materials audi as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

Hie extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidlcry isolating the b 
a preferred embodiment, one end of the extensosi tube 960 mates with one end of 
the spacer 938 in order to optimally facUiate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from ahnninum in order to optimally provide drillability of the 

extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 

25 preferred ainbodimen t, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9 9 000 pm and 0 to 3 9 0^ 
provide fluids at operationally e ff ic ie nt rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 9TO, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred emb odimen t, the shoe 
908 iBcindes a plurality of outlet jets 964. 

In & preferred embodiment 
the housing 954 and the body 
5 of the apparatus 900. 

Hie various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. W 
weflbore or to repair a wellbore casing or pipeline. 

In pa rticular , in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred emb od iment , the apparatus 900 includes the tubular member 915, Ina 
preferred embodiment, a hardenable fhridic sealing hardenable fhiidic •^1^5 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material than passes from the ftaid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fhiidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wafl of the new section o 
wellbore. Gmtfamedpumpingof the hardens^ 
material to fill up at least a portion of the annular region. 

The hardenable fhiidic sealing material is preferably pumped into the 
30 annular regk>n at pressures and 

5,000 psi and 0 to 1,500 gallons/mm, respectively. Ina preferred embodiment, the 
hardenable fluidic sealing material is pumped into the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenabie fluidic sealing material while not 
creating high enough circulating pressures such that dreaUtton might be lost and 
that could cause the weUbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenabie fluidic sealing material may comprise any number of 
conventional commercially available hardenabie fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenabie fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally pronride support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
oper ational difficulties during the displacement of the cement in the *^t^iiflr 
region. The optimum composition of the blended cements is preferably determined 

IS using conventional empirical methods. 

The annular region preferably is filled with the hardenabie fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the nnrmUr region of the new section of the wellbore will be 
filled with hardenabie material. 

20 Once the annular region has been adequately filled with hardenabie fluidic 

sealing material, a plug or dart 974, or other similar device* preferably is 
introduced into the fluid passage 962 thereby fluidity isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenabie fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenabie fluidic material In this manner, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 is minimised* 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. Daring the extrusion process, the mandr el 906 
is raised out of the expanded portions of the tabular members 902 and 915 using 
the support member 904. Duringthis extrusion process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the ping or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (M9C) latch-down ping, Omega latch-down 
10 plug or three- wiper latch down plug modified In accordance with the teachings of 
the present disclosure. In a preferred embodiment, the ptagw dart 974 comprises 
a MSG latch-down phig available from HaDibtDrton Energy Serviceg in Dallas, TX 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gaflons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches appiraiinatet7 500 to 9,000 pal In a preferred 
embodiment, the extrusio n of the tubular members 902 and 915 offof the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallonsfauxrate. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tabular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred »™>™«t~»w»» during the CTtrunton 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 it/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper rvA portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end por^nofthe tubular member 
915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 
5 crverlappingjomt may range, foresaw In 
a preferred embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges ft™" Tpr^rrrHfit^y 400 to 1 n ftm prf »n order to optimally provide contact 
riressure to activate the sealmg members and provide optimal resistance such that 
10 the tubular inember91£ori 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fhiidic material will be controlUbry ramped down when the mandrel 
906 reaches the upper end portion of the t^ulax member 915. In this manner, the 

15 sudden re lease of pressure caused by the complete extrusion of the tubular 
member 916 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
ftom 100% to about 10% during the aid of the extrusion process begmning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative prefex red Embodiment, the operating pressure and/or flow 
rate of the hardenable fhiidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimize shock. 

25 Alternatively, or m combination, a shock absorber is provided in the support 

member 904in order to absorb the shock caused by the sudden release of prasure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is comp^ 

thewellbore. In a preferred embodiment, either before or after the ren^rval of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventtonal m ethod* If the fhndic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is s at isfa ctor y, then the uncured portion of any of the 
5 har dena ble flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenable flnidic sealing material 
within the annular region between the eipand^ tubular memb» 915 aiid the 
existing casing and new section of weUboreisthenalbwed tocure. 
Preferably any remaining cured h^ 

10 the interior of the expanded tnl^ 

conven tions] m a imer using a conventional drill string. The resulting new section 
of easing preferably includes tfae expand^ tubular members 902 and 915 a^ 
outer annular layer of cured hardenable fhndic sealing materi al The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 90ft using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entro apparatus 000 from tte 

to a malfunctio n. In this rircumstance, a «y*n™fptH?na1 drill string is used to drill 
oat the interior sections of the apparatus poo m order to fadlita te> the remmrnl of 

20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

26 section* of the mandrel 906 and ahro 

cement 932, the spacer 938, the sealing aleew 9i2, the cone retainer »44, 
the mbricator mandrel 946, the lubricator sleeve 948. the pirida 9H1, th» 
954, the body of cement 966, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 

30 conventional drilling methods and apparatus. In this manner, in the event of a 
nmmmction downhole, the apparatus 900 may be easfly removed from the 
wellborn. 
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Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOS and lOga method and 
apparatus for creating a tie-back liner in a wellbare wQl now be described. As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 Th^fh^i^tnn^i()CUpr^PTtMY in^d^afaibiilarlinerl008andacanent 

annuhis 1010 The second casing 1006 preferably inchades a tubular Uner 1012 
and a cement annuhia 1014. In a pr e f erred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l~9c or below with reference to Figs. 11a- 111 
10 In a particularly preferred embodiment, an upper portion of the tabular 
liner 10 12 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an mrt«* surface of the upper port 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
25 modified in accordance with the teachings 

embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in VS. Pat. No. 5,348,0%, the disclosure of which is 
incorpor a ted herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 11 10 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chroinium tubing or plastic piping. In apreferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approximate^ 
Id a preferred embodiment, the inner and outer diameters of the tu^ 
1110 range from about 3 to 15.6 inches sik13^ to 16 inches, respectively in order 
to optimal^ provide coverage for typical oilfield casing sites. The tubular member 
1110 preferably comprises a aoM member. 
10 In a preferred embodiment, the upper end portion of the tabular member 
1110 is dotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tabular member 1 TIP. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
mmimiTP the possibility of buckling. For typical tubular member 1110 materials, 
15 the length of the tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

Tfce shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe U16indudes the fluid passage 1185. The shoe 11 15 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SealH float eh^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch^tewn 
phig with side porta radiating off of the exit flow pert availabte&om Halliburton 
25 Energy Services in Dallas,^ 

present disclosure, in order to optima^ guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the campg 1 01 2 npHminy ffrrfry ffr 
isolate the interior of the tabular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
SO expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidic communication with the fluid passage 1135. In this manner, 
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the shoe 1115 injects hardenable fluidic sealiagmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed off by introducing a plug, dart and/or baD sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
mrh ff ft, W ^«nip1 a, TP mpw or Selective Injection Packer (SIP) cap* modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably pos it ioned along 
a centeziine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUons/ioinute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage llSSpennitaflnldicniateria^ 
passage 1130 to the interior of the tubular member 1 110 below the mandrel 1 105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that peruiita a pra^^ 

passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. Thispermits the interior region ofthe tubular rnember 1110 bdow 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 arepreferaMy positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mtri 

about 0 to 3,000 gnfloiWmmute and 0 to 9,000 pei in order to optimalry fill the 
annular region between the tubular 

fluidic materials. In a preferred embodiment, the fhrM passages 1140 mclnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off try introducing a plug, dart 
and/or ball seeling elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1 100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is edited to receive a plug, 

20 or other similar device, to perrnit the interior region of tto 
to be fluidicly isolated from the exterior of the tubular m 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlapping joint between tte upper end portion of the casing 1012 and the lower 
end portion of the tubular member U10 to be flnidicry seated. 

The seals 1145 may comprise any number of conventional commercially 
available seals such aa, for example, lead, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a p re fe rred 

30 embodiment, the seals 1145 comprise seals mcddedfrom Stratalock epozy available 
from Halliburton Energy Senrkes m Dallas, TX m 
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hydraulic seal in the overlapping joint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
P Biiffiriffnt fricrional force to support the expanded tubular member 1 110 from the 
5 tubular itnpr 1008. In a prefer^ embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the weHbore 1000. In a piefciml embodiment, the support 
member 1150 further includes one or more conventional centrmHters (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, & quantity of lubricant 1160 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubnlar member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commemauy available lubricants such as, 
for example, laibriplflte. chip"** h»**d IwhrleMi t a nr Climax 1600 Antiaeize (3100). 
20 In a preferred embodiment, the lubricant 1 150 emprises Climax 1500 Antiaeize 
(3100) available from Climax Lubricants and Equipment Co* in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the mtrochiction of foreign material into the apparatus 1 100 is niinimized. 
This TT^wtmiViMi fhe possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1 100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 i ncl ud e s a 
30 packer 1155 coupled to the bottom section of the shoe 1116 for fhiidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the weubore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1 156 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas! TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-badcmplacetf the p In another alternative embodixnent, 

the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no forrign materiali are located within the wellbore 1000 that might 
dog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic seating material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 11 10 below the ftrpanriahlf* mandrel 1105. The material 1180 then passes 
from the interior region of the tubular member 1110 into the fhiid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallons/mny iespecUv t^y. Inapf^fiwr^ imlw^immi^il^m^^ ^l 1160 fa pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the *«™*1<mp spaces being CT— ^ the pumping equipment 
available, and the properties of the fluid being pumped. Hie optimum flow rates 
and pressures are preferably calculated using conventional empirical m et ho ds 

30 The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



-49- 



hai denah le fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the nnnnlnr region. 
The optimu m blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110 v the 
10 annular region will be filled with material 1160. 

As illustrated in Fig. lOd, once the annnlar region has been adequately filled 
with material 1160, one or mote plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fiuididy isolating the interior 
region of the tubular member 1110 from the aimiilflr region extmifll to the tubular 
15 member 1110. In a preferred embodiment, anonhardenabte&iidicmaterialll61 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
nrnhftHrnimt, the one or more plugs 1165. or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hard enable fluidic 
20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimised. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is ertrun^ off of the expand 
1105. ThiTfr g tlw "fc™d° n process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 11S0 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenahle fhiidic material 11 61 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,(X)0 psi and 40 to 8,000 gallonVmin. 
In apreferred embodiment, after placement ofthe plugs 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 is preferably pumped into the 
10 interior region ofthe tubular member 1110 belowthe mandrel 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonafain fa t*rA*r nptimpWy pwwnHo extrusion typfral tariwiUfy 

For typical tubular members 1110, the extrusion ofthe tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion ofthe tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure ofthe interior region ofthe tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the e^ttndabte mandrel 1105 may be raised 

out of the expa nded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Ina prefei l e d embodiment, during the extrusion 
process, the exp imdahl* mandrel 1105 is raised out ofthe expanded portion ofthe 
tubular member 1110 at rates rangm^ 
25 provide permit a^nistment of operational parameters, and optimally ensure that 
the extrusion process will be coniptotedbefbre the material 1160 <mres. 

In a preferred embodiment, at least a portion 1180 of the tubular mamber 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubuto 
30 member 1110, at least a portion of the emended section 1180 effects a seal with 
at least the weHbore casing 1012. Inaparticolar fr p r efe rred embodiment, the seal 
is effected by compressing the seab 1016 between the expanded sertion U80a^ 
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the wellbare casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pti in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal r e s is t ance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
bads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal dia^ 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by die mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from ebont 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1 161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tabular 
member 1110 off of the expandable mandrel 1105 can be tninftntayd In a 
preferred embodiment, the operating pressure of the Quidic material 1161 is 
reduced in a substantially linear fashion from 1(K)% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximatery all but about 6 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular memb» 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the ftuidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
exp and e d tabular member 1110 is then removed in a conventional manner. The 
10 material 1160 within the annuls 1110 and 

the tubuhrliner 1008 is then allowed to core. 

As illustrated in Fig. lOt, preferably any remaining cored material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional wmTiiior nainga <wrw«^»i *$*mg The resulting tie-back liner 
15 of casing 1170 includes the expanded tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 end packer i iihs w«mg conv entional ^ri Pnr g *™»tt nMfa 
20 In a particular^ preferred embodiment, the apparatus 1 100 incorporates 

the apparatus 900. 

Referring now to Figs. lla-llf, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described 
As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wanhora 1 9i)ft fr id u rim an gristing raged section 1210 having 
a tubular easing 1215 and an annular outer layerof cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known ™mnw to drill out material from the 
subterranean formation 1205 to form anew section 1280. 
30 AsilhistratedmFig.llb,^ 

in a subterranean formation is then positioned in the now section 1230 of the 
wellbore 100. The apparatus 1300 prefix 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the fcarhmg * of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in US. Fat No, 5,348,095, the disclosure of which is 
incorporated herein by reference^ 
present disclosure. 

The tubular member 1 3 10 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tub 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 i nc hes, respectively in order 
to pptimplly prryvi^f nrnT"™»* Mp**trpr\g*fr<*± in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the 

1355 of the tubular member 1310 range from about 3/8 to 1 Mi inches and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the wall thi ckn ess a n d outer 
30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respecti v ely. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall Wc knm of the 
intermediate section 1860 of the tabular member 1310 is 1« 
5 wall thickness of the upper and lower sections, 1855 and 1355, of the tubular 
member 1810 in order to optimally fecfliate the initiation a 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred enibodiment, the upper end portian 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1805 when it completes the extrusion of tabular -member 1810. In a preferred 
embodiment, the length of the tubular "W^*- 1810 is limited to the 
possibility of buckling. For typical tubular member 1810 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1810. The shoe 1815 
preferably includes fluid passages 1330 and 1385. The shoe 1315 may comprise 
any number of co n v enti onal commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super Seal II Down-Jet float shoe or guide ihoe with a 
sealing sleeve for a latch-down p^g TnmKfUyi in accordance the t*****™^ *f 
the present disclosure. In a pre fer r e d embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe withasealingsleevefaramtch^ 
from Halliburton Energy Service with the 

25 teaching of thepreflent diadflgm*^ tn nwtar npttmaHy gnuU €Kj> ^ ^ ] ftr mftmhn- 
1310 into the wellbore 1200, optimally fluJdJcfcr isolate the interior of the tubular 
member 1810, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and c e m en tin g ope rations * 

In apreferred embodiment, the shoe 1315 further mclndes one more side 

30 outlet ports in fluidic commiinimHrm with the fluid p**»e» i asn Tn this manner, 
the shoe 1315 preferably mjecte hardenabte flnidk ^^ffmntirinl into thereon 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic seating member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1S46 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1820 is preferably portioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoodes at flow rates and 
pressures ranging from about 0 to 3,000 gallonB/minnte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 
16 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the rqmHftM* mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic mnWi Rl a In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 of the tubular member 1310 
beltm the expandable wnmd™i i sob to he pwwairirod. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey matiTials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gaflonaAniirate and 0 to 9,000 psi in order to optimally fill the annular 
region between the tumilar member m0 

1200 with fluidic materials. In a preferred einbodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offbyintnxhiciiig a phig, dart 
and/or ball gftpimg elements into the flnid passage 1320, 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the eenteriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilBng 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaflon a A ointtte and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new secto 1230 of the weDbore 1200 
with fluidic materials 

The seals 1340 are coupled to and supported the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicjy sealed. The 
seals 1340 may comprise fln y number <\f conventional f * wn ™ fti rifll|y a vpifafr k* 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present dfadosam In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock epaxy available from Halliburton 
Energy Services in Dallas, IX in order to opthnally provide a hydrauHc seal in the 
annuhis of the crvrerteppingjoint while also acting optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 
In a preferred embodiment 
a sufficient fractional force to mppnrt tH* ATp*md «H fr^iiyr member 13 10 from the 
existing casing 1215. In a preferred embodiment, the tolkmal force provided >y 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an ft" 1 " 1 * 1 " member having suffi ri ent strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodim ent, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 13 10. 
5 Inaprefened embodiment, the support member 1346 is tborou^ 
prior to assembry to the remaining portions of the apparatus 1300. In this 
manner , the introduction of foreign material into the apparatus 1300 is Tnininrimi 
This mixiimiges the possibility of foreign material clogging the various flow 
p^g— *t>a ~» W« nf thft upparabifl 1300 and to ensure that no foreign material 
10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1805 within the interior 
region 1370 of the tubular member 1310. Tbe wiper prag 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper phig 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the te achin g s of the 
present disclosure. In a preferred enibodiment, the wiper pmg 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred einbodiment, before or 
within the new section 1230 of the weHbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Kg. He, a hardenable fluidic BeaBng material 1380 to then 
pumped from a surfecelocstmnm^ The material 1380 

then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandr el 1805. The material 1380than passes from the interior region 1870 into 
the fluid passage 1330. The material 1380 then exits the ar^paratus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 13 10 and the interior wafltf the ne^ 

1200. Continued pumping erf the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,600 gallons/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gnllona/imn, respective^ in order to optimally 

10 fill theannulaxxegion between the tubular membeT 1310 and to 

of the weUbate 1200 with the harrimiahle fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conv entional <*rn m *«nriaqy available h» *rUnyfri» flittHfo sealing materia ls mirh as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hard enable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled aid avaflabfe from Hal 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using con v entional «n*pir fc frl methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tabular member 
mo, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other ^Hur device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pumped throughthe 
flu i d pas s age 1320byanonhantenabkfl nidfr^ The wiper dart 1395 

then preferably engages the wiper plug 1350. 

As illustrated in fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiperphig 1350 causes tto wiper phig 1350 to decouple 
from the mandrel 1305, Tnewiperdart 1395 and wiperphig 1350 then preferably 
will lodge in the fluid passage 1330, thadby blocking fluid flow through the fluid 



passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the nrp*™**** portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1896 into the fhn^ passage 1320 at a surface lo« 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventionjdcommerdallya^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the t e ac h ings of 

15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage lousing the plug 1330 and wq>er 

20 dart 1395, the non hazdenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1£00 gaDoiis/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner , the 
amount of hardenable fluidic material within the interior of the tubular member 

25 lSlOismtnhntMrt 

In a preferred enftod^ 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressure and flowratesnm^ 

40 to 3,000 gallons/min in order to optimally provide operating pressures to 
30 maintain the expansion process at ratea sufficient to permit adjustments to be 
m ade in operating parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psl In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmctkm of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member . The optimum flow rate and operating pressures are preferably 
determined using conventional empirical metho ds* 
10 During the in tr u sion process, the e xpandabl e mandrel 1305 may be raised 

out of the expended portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 6 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surface of the upper end portion 
20 1355 ofthe tubular member 13tt 

lower end portion of the casing 1215 to form an fhmi tight overlapping joint Hie 
contact pressure of the overlapping joint may range, for exampl e, from 
app roximately SO to 20,000 psL In a preferred einbodiment, the contact pressure 
of the overlapping joint ranges from approxim ately 400 to 10,000 psi in order to 
25 optimally provide contact pressure auffkiflnt to ensure ammbiT nftnlmg ^^ provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fhndk and gaseous seal in the overlapping joint 

In a preferred embodiment, ttooperatixigpressnre and flow rate of the non 
30 hardenablefluidicmaterial 1381 iscnntnJlab^rampeddownwfaen the expandable 
mandrel 1305 re ac b.es the upper end portion 1355 of the tubular member 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimi mi 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

A1tffnfttfYfly,ffrF? remhiTmtfr", « nhnAflhaorner is provided m the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 m the upper end portion 1S55 of the fcibularineinlx* 1310 m 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion 1 355 of the tubular mem ber 1310 and 
the lower portion of the ™«ring 1215 is tested using conventional methods. If the 
Quiche seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1216 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed ma conventional m^ 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any reclaming cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular m 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 m 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been deaoTbed that m 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tabular lmer is then radially exp 
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The injecting preferably includes injecting a hard enable fiuidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenahle fhxidic material into an interior region of the 
tabular liner below the mandreL The method preferabry includes fluidicly 
5 isolating the annu l ar r e gkm from the interior region before injecting the second 
quantity of the nan hardenahle sealing material into the interior region. The 
injecting the hardenahle flmdk sealing material is preferably provided at 
operating pressures and flow rates ranging fttmaboutOto 6000 pa andOto 1^500 

gaDonatoin. The injecting of the non hardenable Quidic material is preferably 
10 provided at operating pressures ax^ 

and 40 to 3,000 ganonVmfn The injecting of the non hardenable fluids material 

is preferably provided at reduced opexattagpreesoresan^ 

portion of the extruding. The non hardenahle flujffic material is preferably 

injected below the mandreL The method preferably inchidaa prftwm^^^g n rrgion 
16 of the tubular liner below the mandreL Th* region of the tubular liner below the 

mandrel ia preferably pressurized to pressnres ranging fttnn about 500 to9,000psi. 

The method preferably inchidefl fluidicly isolating an interior region of the tubular 

liner from an exterior region of the tubular liner. The method further preferably 

includes curing the hardewihle sealing material, an^ 
20 of the cured seahngmaterial located within the tubular liner. The method farther 

preferably includes overlapping the tubular 1 

The method ftn^herpreferabry inchides sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overiap with the existing wellbore 
26 casing. The method further preferably includes testing the integrity of the seal in 
the overlap between the tubular Hner and the existing wellbore casing. The 
method further prefer^ 

fhiinic sealing material wit^ The method further 

Preferably inchides lubricating the surface of the mandreL The method further 
30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the completion of the extr udin g 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first Quid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably ftnther Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably jnchzctocme or inore sealing members 
adapted to prevent foreign material from entering an hiteriorregkm of ^ 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium Bteel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3J5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135.000 pat The tabular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. Hie tubular member preferably includes a catchin g member at an end 
portion far slowing down the mandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 firsttubular member having an inner diameto greater thian an cwter diameter of 
the second tabular member, has been described that includes p os it i on ing a 
mandrel within an Interior region of the second tubular member, positioning the 
first and second tabular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 Becond tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferabry provided 
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500 to 9,000 psL The pressurising of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method fiirtherpreferabty includes 
sealing the overlap between the first and second tabular members. The method 
6 further preferably includes s u pporting the extruded first tubular member tigmg 
the overlap with the second tubular member. Tbe method further preferably 
includes fabricating the surface of the mandrel The method farther preferably 
includes absor bing shock. 

Aimer fOTusemcreatinganew fleets 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. Use anuularmembcrindudes one or 
more sealing members at an end p™**™ of the «"«iti»BMmW and frreormoTr 
pressure relief passages at an end portion of the annular member. 

A wellbore casing hag he*m described ***** iwind^ a tubular 1fn»r * nd m 
15 annular Ixxry of a cured fluio^c sealing matfTinl. Tte tubular liner is formed!^ the 
process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably formed by the process of pl»^n g the tubular liner and mandrel within 
the wellbore, and pressurising an interior portion of the tubular lin er The 
annular body of the cured fluidk sealing material is preferably formed by the 
20 process of injecting a bocry of hardenable flnidic sealing material into an ananlar 
region external of the tubular liner. During the pr e smii ring; the interior portion 
of the tubular liner is preferably fluididty isolated from e 
tubular liner. The interior portion of the tubular hner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing wellbore casing. TbB wellbore a^r^erabry further 
includesaseal position^ 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
SO borehole has been d es c ribed that feAidim iT^ning ■ tabular liner and a 

within the wellbore ggmjL infcctmga hofo of a ffn«ti* m»*»rifi) into the borehole, 
pressu ri s ing a portion of an interior region of the tubular Hn er , and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel. In 
ft prefrrrH the fliiMfc material is selected from the group consisting 

of slag mix, cement, drilling mud, and epoxy . In a preferred embodiment, the 
method farther inrrhnfaft ftiidirfy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fh^^ 

rates ranging from about 500 to 9,000 pa and 40 to 3,000 galbna/min. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced c*»exatingpressures and flow rates dnringan end portion of ^ 
10 In a praferrH rrnhftHhnmt, the fluidic material is infected below the mandrel In 
a preferred embodiment, a region of the tabular linear below the mandrel is 
pressurized. In a preferred embodiment, the regbnrf 

mandrel is pressurized to pressures ranging from about 500 to 9, 000 pal In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodiment, the method further 
inchid** «^»Hng the interface between the tabular liner and the existing wellbore 
casing In a preferred embodiment, the method farther incudes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the methods 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 

26 method farther includes expanding the mandrel in a radial direction, 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material ThetulmlarKnex^ 

off of a mandrel The annular body of a cared fiuidk sealing m 
30 to the tubular liner. In a preferred embodiment, the tubularhnarisformedbythe 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tulralarlmCT 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressorea ranging firom about 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured finHiV 
5 sealing material is formed by the process of injecting a body of hardenable fluidic 
sealing material into an annular region between the existing 
the tubular finer. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing, in * preferred tni***?™^ the tie-back liner 
further includes a seal positioned in the overlap between the tubular liner and ^ 
10 other existing wellbore casing. In a preferred embodiment, tabular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includ es a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is driHable. The tubular member is coupled to themandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferabry, the interior portion of tte 

bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel r^nrprijpB an expansion cone. 
Pnrferabry, the expansion cxme is 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surfece hardness ranging from about 68 to 62 Rockwena Preferabry at least a 
portion of the apparatus is d rillahle , 

Although illustrative embodiments of the invention have been ahown and 
described, a wide range of modification, changes and gnhstifartin^ ia contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended clauns be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 injecting flnidic material into the borehole; 

5 pressurizing a portion of an interior region of the tabular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel. 



12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 flr H n p r fr aTyg * 



4 drilling out a newsection of the borehole adjacent to the already existing 

5 casing} 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 floidicfr isolating the aramto 

12 section of the borehole from an interior region of the tabular liner 

13 below the mandrel; 

14 injecting a non hardenahle fhxidlc material into the interior region of the 

15 tubular liner below the mandrel; 

16 wrtraifing the \hwr off of the « *]wiripM ft mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 r**nrng- 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner axui 

the already existing casing; 
removing at least a portion of the hardenable fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 

removing at least aportion of the cured ftaidic hardenable sealing m 
within the tubular liner. 

An apparatus for expanding a tabular member, comprising : 

a support member, the support member including a first fluid passage ; 

a mandrel coupled to the support member, the mandrel i n cludin g: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular liner, the shoe induding a third fluid passage; 
wherein the first, second and third Quid passages are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member i n cluding : 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the firet and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing elements; 
a shoe coupled to the tabular member, the shoe including: 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member, and 
one or more exhaust passages coupled to the fotath fluid passage for 
injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method ofjoiiimgaBecandt 

2 first tabular member having an Inner diameter greater than an oritur 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 presmirlsingaportion 

7 and 

8 extruding the second tubular member o^ 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

S one or more sealing members at an end portion of the annular 

4 member; and 

5 oneornmrepressurereliefpassagesatan 

6 member, 

1 7. A weUbore casing, comprising: 

2 a tubular liner, the tubular imw formed by the process of: 

3 extrnrifng t.h« tubular Kr\pr off pf a r*fm dr»1; »nri 

4 an annular body of a cured fluidic sealing material coupled to tbe tubular 

5 liner. 

1 8. A tie-back liner for fining an existing wellbore casin g , comprising: 

2 a tubular liner, the tubular Hner formed by the process of: 

3 eitnidfny at least a portion of the tubular finer off of a mandr el; fi nd 

4 an annular body of a cured fluidfc sealing material coupled 

5 liner. 
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An apparatus for expanding a tubular member, comp rising : 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is driUable; 
an expandable tubular member coupled to the mandrel; and 
a ihoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 



-72- 




Office 



O 



INVESTOR IN reOPLE 



Application No: 
Claims searched: 



GB 9926449.1 
1-5.9 



Examiner: Ian Blackmore 

Date of search: 27 March 2000 



Patents Act 1977 

Amended Search Report under Section 17 
Databases searched: 



UK Patent Office collections, including GB, EP V WO & US patent specifications, in: 
UK Q (Ed.R): E1F FJT f FJU, FLA. B3PPEEB, PEQ 

Int a (Ed J): E21B 17/00. 29/00. 33/00, 33/03, 33/04, 33/10, 33/14, 33/138, 43/10 
Other: Online: EPODOC, JAHO, WW 



Documents considered to be relevant: 





Identity of document and relevant passage 


Relevant 

to < *^*' m< 


A 


GB 2329918 


(BAKER HUGHES INC.) see figures and page 3, 
line 29 to page 4, line 12 




A 


GB 2305682 


(BAKER HUGHES INC.) see whole document, 
particularly figures 2 & 3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) see figure IB 




X 


WO 9800626 


(SHELL INT RESEARCH) see whole document, 
particularly figure 1 


1 


X 


US 5348095 


(SHELL OIL CO.) see whole document 


1 



Y Docvaou bdkating lack of fevcativo «»ap if eonbfai 

with as* or mare other doamxats of mm category. 

& Member of ih< umc psum&mily 



fifis* data of this craatkn. 
E fama doonwtrrt jmblithod <m or titer, but with priority date earlier 
ihaft. ttw fiUnc dale of tab appfcatioa. 



An Executive Agency of the Department of Trade and Industry 




Ruga: O 

Office 



INVESTOR IN PEOPLE 



Application Nor GB 9926449.1 Examiner: Ian Blackmore 

Claims searched: 1-5,9 Date of search: 27 March 2000 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 

UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UK Q (Ed.R): E1FFJT.FJU.FLA. B3P FEEB, PEQ 
* Int a (Ed/7): E21B 17/00 f 29/00, 33/00, 33/03, 33/04, 33/10, 33/14. 33/138, 43/10 
Other: Online: EPODOC, JAPIO, WH 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to dafam 


A 


GB 2329918 


(BAKER HUGHES INC.) see figures and page 3, 
line 29 to page 4 t line 12 




A 


GB 2305682 


(BAKER HUGHES INC.) see whole document, 
particularly figures 2 & 3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) see figure IB 




X 


US 5348095 


(SHELL OIL CO.) see whole document 


I 



X 


TVnimmt hutiraiiag lack ofaoTQiQr ox hwi wthf tta 


P A 




Y 


Document t*dk»uag tack of hrwntWt n*f If com 


tod P 






wtA ottc ct more other doenmeau of pot catagory. 




filing due of «mi iavadom. 






£ 


Putau ooomcBt pttbiisbtsd <m or tfttr. bw witfc priori* dale earlier 


a 


Member of ihc same patent Cum ty 




ihn»dwflkfdtfcof(fat* appticjtioo. 



An Executive Agency of the Department of Trade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
*1^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

J^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



